Abiotic stresses impinge on rice production all over the world counting Pakistan. Among the stresses, low temperature is one of the most vital factors which have a strong impact on growth, survival, reproduction and distribution of plants. In focus of the above problems, experiments were planned to explore the effect of low temperatures (0 • C increase in average root length was observed and also non significant reduction in fresh or dry shoot/root weights were occurred in both varieties. A significant increase in cell membrane injury was seen in treated seeds as compared to control in SB & B-385. Low temperature stress decrease content of photosynthetic pigments as chlorophyll 'a', chlorophyll 'b' and carotenoids by comparing control. Carotenoids showed high values than chlorophyll 'a' and chlorophyll 'b'. The nitrogen and protein contents in low temperature treatments were almost same in level as in relation to non stressed seeds. There was no significant variation in the ion contents (Na + 
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Introduction
Rice (Oryza sativa L.) is life sustaining crop for major populations of the world (Bashier et al., 2007) . It is a staple food for half of the world's population providing dietary energy and protein up to 75% to almost 2.5 billion people of the world (Sasaki and Burr, 2000) . Pakistan is a major rice producing and exporting country. In the year 2007 the worldwide rice production was reported as 645 million tons (GOP, 2007) , while in Pakistan during 2006 its production was estimated 47 thousand tons and almost 10% of cultivated land is being used for rice cultivation in the country (Bashier et al., 2007) . Both biotic and a biotic stresses harshly effect the rice production in many parts of the world. Biotic factors include insect, pest and diseases while drought, temperature, salinity, cold, pollution and soil pH refers to a biotic stresses (Bashier et al., 2007; Oerke et al., 2001) . A biotic stresses kick off a series of morphological, physiological, biochemical and molecular alterations in plants (Xin and Browse, 2001) . Plants have the ability to respond changes in environmental setting including a biotic stresses leading to cellular disruptions and oxidative stress (Asada, 2006) . Low temperature is one of the most imperative environmental factors which confines the geographic allocation of plants and is responsible for major decrease in the yield of agriculturally crops (Busconi, 2001) . Low temperature has a strong impact on growth, survival, reproduction and distribution of plants (Huddack and Salaj, 1999) .Forbearance to low temperatures in plants can be classified into two type i.e. chilling tolerance which is related to temperatures above 0 o C and freezing tolerance in relation to temperatures which are below 0 o C (Baruah et al., 2011) . In temperate regions, most plant species are resistant to chilling temperatures and their freezing tolerance to chilling temperatures and their freezing tolerance can be increased by exposing to low temperatures, this process is called acclimation (Heather et al., 2006; Xin and Browse, 2001) . Rice is a temperature responsive crop and its production is greatly reduced by low temperature (Lou et al., 2007) . Howarth and Ougham, (1993) had found that rice is vulnerable to damage by temperatures below 15
• C. At the early stage of growth in rice, the prevalence of stress due to low temperature halts seedling establishment and finally leads to erratic and non-uniform crop maturation (Lou et al., 2007) . At the reproductive and seedling stage, rice is sensitive to chilling stress and its persistence leads to poor germination, stunted seedling, yellowing or withering and decreased tillering (Mukhopadhyay et al., 2004) . The present research works focus on two indica rice cultivars and Shaheen Basmati (SB) to investigate their response under low temperature stress.
Material and methods
Germplasm of two rice verities as Shaheen Basmati and Basmati-385 were obtained from National Agriculture Research Center (NARC) Islamabad, and were surface sterilized in 3.5% NaOCl solution.
Seeds Treatment
Seeds were subjected to respective low temperature stresses. Applied stress temperatures were 0°C, -2°C, -4°C and -6°C for 2 hours in ultra low freezer.
Seeds Germination
After the treatment seeds were placed in Petri plate having two folds of Whattman filter papers, and added 25 ml of sterile distilled water and were then incubated in growth chamber at 30 o C under dark conditions for 120 hours (5 days). Germination reading was taken after each 12 hours. After dark period the seeds were provided with 16 hours photoperiod for further 120 hours (5 days). After 10 days of germination roots, shoots length and fresh biomass were measured. The separated roots and shoots were placed for 48 hours in electric oven at 80 o C for measurement of dry biomass.
Sand pot experiment
For this experiment the treated seeds were first germinated in distilled water in Petri plates with filter paper in 3 replicas. After 10 days these seedlings were transferred to plastic pots containing well washed sand and Hoagland solution (Hoagland and Arnon, 1950) . Seedlings were completely allowed to grown in this condition for 4 weeks with renewed nutritive solution of Hoagland each week in green house.
Cell Membrane Stability
Cell membrane stability was find out according to the procedure given by (Yang et al., 1996) with the help of conductivity meter (BMS EC meter-400L) The net cell injury was calculated by the following formula:
EC-I / EC-II ×100
Determination of Chlorophyll and Carotenoids
Pigmental analysis was determined according to Lichtenthaler and Wellburn (1985) method. 25mg dry plant sample was taken in a test tube with equal amount of MgO to neutralize the plant acid and prevent the formation of pheophytin with addition of 5 ml of methanol and homogenized on shaker for 2 hrs following Centrifugation for 5 min at 4000x g in an explosion-proof tabletop centrifuge at 25 o C. Absorbance was taken at three wavelengths: 666 nm, 653 nm and 470 nm. The chlorophyll "a", chlorophyll "b" and total carotenoids in methanol was calculated by the formula C a = 15. Determination of Total protein content Protein contents was determined by using the method of Pellett and Young (1980) , 100mg of dried plant material was digested in digestion assembly in the presence of 100mg digestion material (potassium sulphate, copper sulphate and iron sulphate) and 2mL conc. H 2 SO 4. The solution was heated until the solution become clear and then adds 20ml distilled water. About 50ml of boric acid was taken in a volumetric flask. The digest was transferred to the distillation assembly and 10 ml of 50% NaOH solution was added to the digestion mixture. The total percent protein content was calculated by using the formula. Protein g/g = Sample volume -Blank volume x 0.1N x 1.4007 x 6.25 Dry weight of sample Where 6.25 = Protein factor
1.4007= nitrogen factor
Determination of Na + , K + and Ca +2 ions For determination of ion contents 25 mg dried plant material along with of H 2 SO 4 and H 2 O 2 was taken in a beaker heated till complete digestion by the procedure given by (Zeb and Malook, 1999) . After this Add 20ml of Distilled water and filter it with the help of Whattman filter paper. Different Standard solution of 25 ppm of Na + , K + and Ca +2 were prepared. Ion concentration was Calculate with the help of flame photometer (Model: Jenway PF5).
SDS-PAGE
Proteins were analyzed by SDS-PAGE (Sodium dodecyl sulfate-Polyacrylamide Gel Electrophoresis) using method describe by (Laemmli, 1970) with slight modification. Electrophoresis was carried out in discontinues system using 10% separating gel and 4% stacking gel. The molecular weight of protein subunits was measured by comparing sample bands to the standard protein molecular weight marker bands in the electrophorogram.
Statistical Analysis
Analysis of variance was performed using the Students Statistix 9 software. Means values for different rice characteristics were compared via LSD test (Li, 1964) .
Results

Seed germination
Results from figures (1 a & b) illustrate that in Shaheen Basmati (SB) non significant decrease occurs as compared to control. In B-385, maximum germination % for non-treated seeds was 100% while it decreased to 70% at 0°C and the rest of treatments showed no decrease in germination %. 
Seedling Growth (Root and Shoot Length)
Ten days old seedlings (Fig.2 a & b) were harvested and their root and shoot lengths were measured in centimeters. It is shown that in SB non significant variation in average shoot lengths occurred among the treatments and control, however, in B-385 slight decrease in average shoot length was seen at 0°C only. The effect of low temperature treatments on average root lengths as shown in (Fig.2 c & d) showed some increase in both varieties. In SB, average root lengths slightly increased than 
Seedling Growth (Root and Shoot Fresh and Dry Biomass)
For analysis of seedling biomass the roots and shoots were separated from the seeds and their weights were measured on digital balance. It was observed that in SB, there were less prominent changes in average shoot weights for fresh and dry weight values and non significant decrease was observed at 0°C, in B-385 showed reduction in fresh and dry weights at 0°C & -6°C temperature treatments in relation to control as shown in Fig 3(a, b, c, d , e, f and g). In B-385, non significant changes were also seen i.e. values decreased a little than control at 0°C, -2°C and -6°C temperature treatments. The values of both control and -4°C were almost similar. The values of average fresh and dry root weights as in Fig 3 (a, b, c, d , e, f and g) showed that in SB, there were non significant changes; only at -2°C a small decrease in weights was noted. In B-385, non significant changes were also seen i.e. values decreased a little than control at 0°C, -2°C and -6°C temperature treatments. The values of both control and -4°C were almost similar. 
Cell membrane stability
It was observed that the low temperature stress had a significant effect on cell injury. In both varieties SB and B-385 Electrical Conductivity (EC) values increased gradually by lowering the temperature. In SB the EC value of control was 10(us/cm) and highest was 15(us/cm) in -6°C. But in B-385 EC value for control was 7(us/cm) and the highest was 13(us/cm) in both -4°C & -6°C as shown in Fig. 4 
Photosynthetic Pigment Analysis
Low temperature stress affects chlorophyll 'a' & 'b' contents as shown in Fig.5 (a, b, c and d) . In SB variety, chlorophyll 'a' value decreased more at -4°C in comparison to other stress treatments, highest value is at control i.e. 5.2(ug/g) and lowest at -4°C which is 3.5(ug/g). In B-835, chlorophyll 'a' value is reduced at -2°C (3.9ug/g) and the control value is 5(ug/g). Chlorophyll 'b' values also showed some reduction Fig. 5 (c &d) . In case of SB chlorophyll 'b' value decreased more at -4°C (4ug/g) and the control content is 5.8 (ug/g). For B-385, at -0°C & at -4°C values are same like control i.e. 5(ug/g). However, at -2°C & -6°C non-significant decrease was observed and the chlorophyll 'b' content is up to 4.3(ug/g). Carotenoids content determined in both rice varieties after low temperature stress is shown in Figures 5(e&f) . In controls of both SB & B-385, carotenoids content was higher and reduced content was noted in different temperature treatments. In SB carotenoids content decreased at 0°C, -4°C and -6°C while in B-385 non significant decrease occurred at -2°C, -4°C and -6°C. 
Total Protein content
The total protein content was determined in both rice varieties and showed no significant varied values as compared to control as shown in Figure 6 (a & b) . The values of protein contents in SB control and treatments are almost same i.e. 20(g/g). Same results were also noted in B-385 control and treatments and the protein content calculated is nearly 21(g/g). were determined in both varieties as shown in figure Fig. 7 (a, b, c, d , e and f) it was found that in SB, Na + ion concentration at 0°C was less as compared to other treatments and in B-385 the value decreased slightly at -6°C. For Ca +2 ions in SB, a small reduction was noted at -2°C while in B-385 there were no changes. K + ions in both varieties showed non-significant variations as compared to control and the K + ions content were not affected by different temperature treatments. Among the ions, the content of K + was highest in SB & B-385. 
Protein analysis by SDS-PAGE
Protein banding patterns of both varieties Shaheen Basmati and Basmti-385 (Figure 8 ) is between 65kDa and 20kDa with allusion to the marker. The protein banding pattern of B-385 reveled that control and each temperature treatment have five bands, major bands at 58kDa & 55kDa while minor bands at 40kDa, 25kDa and 20kDa, but in -2°C treatment, the bands at 58kDa & 55kDa are lighter than other stress treatments reflecting the fact that the expression of proteins has been low in this treatment. In SB, the banding pattern is slightly different than B-385, it has three bands in control (2 major bands at 58kDa & 55kDa, 1 minor band at 20kDa). SB also shows protein banding variation under stress conditions i.e. in 0°C at 58kDa, 55kDa and 20kDa, in -2°C at 57kDa, 60kDa and 25kDa, in -4°C at 60kDa, 57kDa and 25kDa while in -6°C at 62kKa, 57kDa and 25kDa. In -6°C the major bands are lighter than other treatments in SB which show that the protein expression is low. 
Discussion
Rice is an important crop having direct influences on human socioeconomic conditions, and are sensitive to different type of a biotic stresses. Kazimetabar et al., (2003) found that rice seedlings growth was unaffected in cold tolerant varieties but the survival rate in non cold tolerant varieties varied from 37% to 90% at -2°C & -1°C. In our results, germination percentage of both varieties Shaheen Basmati (SB) and Basmati-385 (B-385) were not significant (Fig. 1 ) which might be due to the fact that short term low temperature shock to seeds before growing or sowing does not alter seed biochemical's pathways, But in contrast to our results the findings of Farooq et al., (2002) showed that chilling treatments to rice seeds before sowing affects germination and it required more time to achieve 50% germination.
Low temperature stress at germination stage of rice causes decrease in final germination rate, lengths of coleoptiles and radical (Peyman and Hashem, 2010) . From our findings (Fig. 2 a, b, c and d) both the varieties showed increased root lengths (largest at -4°C) while shoot lengths showed less obvious variations with respect to their controls due to reason that the treated seeds were able to tolerate the short cold shock and also Cruz et al., (2006) had found that decrease in lengths of coleoptile and radical is higher when cold tolerance is low.
The results of Aghaee et al., (2011) indicated that rice plants grown at low temperature (10°C) had lower dry weights of shoots and roots as compared to those which are grown at normal temperatures (25°C-29°C) but in our results decrease in average shoot weights of both varieties at 0°C treatment was observed and only in B-385 slight decrease was also seen at -6°C as shown in Figure. 3 ( a, b, c, d, e, f, g and h) . From these figures, it is prominent that no major decrease in average root weights occurred in both SB & B-385. It might be due to the fact that the short duration of low temperature stress didn't affect rice seedling growth and the shoot and root weights remained unchanged. Our results are not in line with Aghaee et al., (2011) whose results indicated that cold stress inhibited the growth of rice plant and led to a decrease in biomass.
It is a well known fact that membrane systems are primary site of injury due to low/freezing temperatures and according to Habibi et al., (2011) cold stress has a significant effect on cell membrane integrity of wheat cultivars. Most plants show high degree of membrane damage when appeared to cold stress (Yamada et al., 2004) . In our study it was observed that severity of the injury to cell membrane (EC value) was increased relatively in both varieties with the respective temperature treatments (Fig. 4 a and b) , highest cell injury values were seen at -6°C treatment. The higher EC values reflect that under low temperature stress, membrane dehydration occurs causing more ion leakage. Our results are in accord with Farooq et al., (2002) that under chilling conditions higher rate of seed leachates occurs showing high EC values.
Reduction of photosynthesis by low temperature is well known response of chilling sensitive plants and it has been reported that chlorophyll 'a' and 'b' content decrease when plants are under cold stress (Yadegari et al., 2007) . In our results, slight decrease in contents of chlorophyll 'a', chlorophyll 'b' and carotenoids were observed in temperature treatments of both the varieties as compared to their control values (Fig 5 a, b, c, d , e, and f). Our results are confirmed by the research of Aghaee et al., (2011) that total chlorophyll concentration of rice leaves is reduced under cold treatment. The possibility of low chlorophyll and carotenoids content could be due to possibility of oxidative stress caused by low temperature treatment. Aghaee et al., (2011) had shown that total soluble protein increased when temperature sensitive rice genotypes were transferred from normal to low temperature stress and also total soluble protein content remained unchanged in cold tolerant varieties. From (Fig. 6 a and b) it is obvious that no specific changes in protein content occurred. It might be due to the reason that short term cold stress had no role in synthesis of specific proteins but Koc et al., (2010) had found that synthesis of specific proteins is an important mechanism involved in increasing cold tolerance.
In plants, Ca +2 ions have role acting as important messengers under low temperature signaling pathway, Na + ions maintains membrane potential and K + ions keep osmotic balance and act as cofactor for many enzymes but under stress conditions their concentrations change significantly (Tuteja and Sopory, 2008) . From our findings on ion analysis (Fig.7 a, b,  c, d, e, f) , the concentrations of Na + , Ca +2 and K + ions have non significant changes with respect to controls in both of the rice varieties. It can be said that short low temperature shock on rice seeds didn't affect the ions balance and if duration of stress is increased then significant stress response of ions could be seen.
SDS-PAGE analysis of rice leaf proteins by Kazimetabar et al., (2003) found bands of 40kDa and absence of bands of 36kDa, 30kDa and 22kDa which were exposed to low temperatures. From our results as shown in (Fig. 8) we identified 5 bands for B-385 variety and SB had 3 bands in range of 60Kda to 20kDa. In B-385, low expression of proteins occurred in -2°C and for SB in -6°C which reflects the fact that the expression of proteins might be affected in response to low temperature treatment. We can argue that the bands observed at the 45kda to 40kda range could be of Rubisco (enzyme) and its fragments as found by Kazimetabar et al., (2003) . Different band positions between SB and B-385 indicate their specific response towards the given low temperature stress and also it reflects their different genetic variation. It can be argued that disclosure of rice seeds to short term low temperature stress can effect changes in physiological and biochemical characteristics to some extent so this response of SB & B-385 under the given stress conditions can be used to check their cold sensitivity or cold tolerance abilities.
Recommendations
The recommendations for further study would be to enhance the rice varieties to tolerate low temperature stress by identifying the abilities which make them to withstand the stress. It would be effective to identify the cold stress mechanisms and find the genes related to cold stress resistance. By recognition of cold tolerant traits in rice, it would be an advantage to transfer the traits to other varieties which could be grown in low temperature zones this would have great economical importance for a country like Pakistan where rice is grown on a large scale.
